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The elastic photoproduction cross sections for rho 

and phi mesons from protons have been measured from 30 

GeV to 180 GeV. The energy dependences, agree well with 

predictions made by using vector meson dominance and an 

additive quark model. The rho cross section is approxi- 

mately constant with energy while the.phi cross section 

rises from 0.5 ub to 0.7 nb with 'increasing energy. 
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In this paper we present resolts’on the elastic photoproduc- 

tion of rho and phi mesons on protons, e * $p and s * OP. The 

decay modes we observed were e” + s+t- and 0 -KK + -. The data were 

taken during the photon total cross section experiment’ at the 

Tagged Photon Laboratory of Fermilab. 

A schematic diagram of the apparatus is shown in Fig. 1. The 

hydrogen target is 1 meter long and is surrounded by four scin- 

tillation recoil counters. The detectors Sl and S2 are multilayer 

lead-iron-scintillation counters; S3 and K are iron-scintillator 

badrcmeters; CZ and 63 are lead glass shower counter arrays; and C 

and D are lead-scintillator shower detectors. In front of the 63 

lead glass array are six multiwire proportional chambers (HWPC’s). 

More details on the detection apparatus can be found in Ref. 1. 

Since the apparatus did not have a magnet or a Cerenkov 

-counter, we were unable to measure mass spectra directly or to 

discriminate between pions and kaons for 0” and emeson production. 

Sowever, our full coverage of the forward hemisphere in the up 

center-of-nass frame allowed us to select events with exactly two 

tracks, and no extra particles in Sl, S2, S3, or 63. The opening 

angle multiplied by the two-track energy -(assumed equal to the 

tagged photon energy) provided an excellent substitute for the 

actual invariant mass, in that the $ and 0 decays show up as two 

distinct peaks. 

Consider now the elastic production of a short-lived meson, 

MSS R and energy E (we negleit the recoil kinetic energy), which 

decays into two particles of mass m # 0. For E >. tt, tbs track 
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separation, A, can be written to an excellent approximation aa 

A 42 sin &)2 - rn2 

E (sin% + g 2 mdCl } 
0 

uhere e is the decay angle in the rest frame of l4, and Z is the 

distance from the target to the position where A is measured. 

When Rq. (1) is evaluated for the decay $ - K+K', the maximum 

track separation is A&x = .509 Z/E, whereas nearly all so decays 

at W - tl,, (770) have A 2 1.432 Z/S (the value for S - 900). Prom 

Rq. (1) we note that the distribution of EA. or, more conveniently, 

RLf A&,, is independent of E. This makes it possible to plot a 

combined R-spectrum for the entire tagging range (E - 45 to 92% of 

the electron beam energy, Eo). 

Only events which satisfied certain criteria were included in 

the R distribution. An event was considered an elastic candidate 

if the event had exactly two tracks in the MWPC’s and if more than 

391 of the tagged photon energy, Ey, was contained in 83 (see Fig. 

1). Uext., all signals in 63 were required to be associated with 

tracks, and the upstream detectors, Sl, 52 and G2, were used as veto 

cobnters. Finally, electromagnetic pairs were excluded by requir- 

ing the energy in 63 and C’ to be less than 60% of E . The R- 
Y 

distribution for E. = 90 GeV is shown in Pig. 2a. 

In order to extract pa and 6 yields from data plots like Fig. 

2a, a WDnte Carlo program Gas used to produce expected R distribu- 

tions. Assuming s-channel helicity .conservation’. and hence, a 
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sin2S decay distribution, R spectra for p” and e decays were 

generated using the known photon spectrum. The Monte Carlo 

calculation folded in the rho mass shape, geometrical acceptance, 

target length, beam size, and resolution in photon energy and in A. 

Cross sections are assumed to vary with t (t = four momentum trans- 

fer squared) like ebt with b(p) = 8.5 GeVm2 and be) = 6.5 GeVe2. 

Results were insensitive to uncertainties in these numbers aside 

from a veak dependence of the rho acceptance on b(r$. 

The 0 mass spectrum requires further discussion. We have used 

the S&ding parameter isation”’ of a p interfering with a non- 

resonant background: 

s= (n2-;J:+;2r2 ,~+4$-]+c2@-j2 j(2) D 
with M,, = 0.773 CeV and a mass-dependent width’ 

(3) 

Bere r. l 0.150 GeV, and q(M) is the magnitude of the 3-momentum in 

the n-n center of mass frame. The no yield is then defined to equal 

TUO additional processes have been included. The 

decay 0 + KE Kz * KL n+n- has been computed to contribute less than 

1) to the p; it is shown in Fig. 2a. There is also a small low R 

contribution surviving our cuts from Bethe-Heitler e*e-pairs in 

which one member has interacted hadronically in C or 63. Their R- 
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dependence was obtained from non-interacting pairs, but the normal- 

ization (Nee) left free. Using the R spectra for all 

contributions, five-parameter fits were done to determine Co, CL, 

c2* 
the 6 yield, and Nee. Good fits were obtained for all data 

pofnts,giving average Cl and C2 values of 3.0 2 0.7 and 2.0 + 0.5. 

The total D and e+e- contributions for the 90 GeV electron energy 

setting are drawn in Fig. 2a. Figure 2b shows the v data (summed 

over all data points) with all other processes subtracted; also 

ahown are predicted R spectra assuming s-channel helicity conserva- 

tion (solid line) and, for comparison, isotropic decay (dotted 

line). 

Corrections to the p" and e yields were applied for geome~tric 

acceptance (the acceptance determined by the Monte Carlo program 

averaged 60% for the P and 96% for the+), two-track reconstruction 

inefficiency (9%). inelastic n or K interactions between production 

and chambers (15% and ll%), decays in flight (averaging 1% and 7%), 

events lost by analysis cuts (4% and 4%) , and the e branching ratio 

to K+K- (46.6%). 

We also corrected for contamination from inelastic events 

involving target dissociation with no downstream products. Elastic 

and inelastic events could be statisti.cally distinguished by their 

different probabilities for firing n of the 4 recoil counters. 

Diffractive events have n 2 1, usually n = 0, with probabilities 

computable from range-energy relations. Inelastic events almost 

always have n 2 1, usually n > 1. Probabilitieswere estimated.by a 

8ilple ~Poisson model which agrees with hadronic studies of target 
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dissociation,’ but our results are not very sensitive to details of 

the model. The inelastic events eliminated amounted to 13% for the 

p”, and 18% for the 0. 

The resulting cross sections are presented in Table I and are 

ahown in Fig. 3 and Fig. 4, along with results of previous experi- 

ments.za'-" The quoted errors are statistical and include 

uncertainties due to Packground subtraction. The total enecgy- 

independent systematic uncertainties are estimated to be less than 

5%. For the P there is an additional 5% systematic uncertainty due 

to geometrical acceptance. The curve in Fig. 4 is from a parameter- 

ixation of all the data” and shows a rising cross section with 

increasing energy. 

In vector meson dominance (VMD) models, the photoproduction of 

a vector meson, V, is related to Vp scattering. The Vp scattering 

can in turn be related by additive quark model relations to 

measured hadron processes. If we assume that the V&III and quark 

model relations apply to amplitudes at fixed s and t, then one can 

.predict* photoproduction cross sections in terms of hadronic 

elastic scattering cross sections: 

2 
$$lP - OOP) -> 

0 

(4bl 



where px* is the 3-momentum of x'in the xp center-of-mass frame, and 

everything is to be evaluated at the same 6. For our purposes the 

integral of (4a) is well-approximated by 

0(yP * POP)= -$- $ @.("+p 

4yP 

+r+pj +. w-p +x-pi] 

This formula is plotted in Fig. 3, using smoothed vp measure- 

mentsl'-l‘ and yp' /4r = 0.64 ", and is seen to represent the 

photoproduction data well. 

For the 6, we have used forward hadron-beam data""" and 

assumed an ebt form for the photoproduction cross section with b(s) 

. 4.66 + 0.36 in 6. I* The resulting predictions, normalized to our 

4 data, are shown in Pig. 5 along with the curve from Fig. 4. The 

energy dependence is similar; the measured value of y: /4v = 

4.7 f 0.3 resulting from the normalization is consistent with the 

value of 5.5 t 2.4r' obtained from a photoproduction experiment on 

complex nuclei. A value of 2.63 r 0.2" 18 obtained from colliding 

beam measurements. We conclude that the energy dependence of the 

g p elastic cross section extracted from hadronic data (using the 

quark model) and from photoproduction (Ming V%lD) are in agr66=nt- 
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TABLE I 

The Cross Section with StatiStiCal UnCertaintieS for 

yp+ POP and TP- Op 

*o 
-G=V) 

60 

E 
(Gh, 

OY + PO 
x Ao 

lub) 

35 f 5 a.04 t 0.44. 

=7 - 4 
f Ao 

tub) 

0.506 f .090 

60' 42 fl2 10.66 t 0.67 0.568 t .091 

60 47 f 7 9.90 f 0.49 0.546 f .089 

.90 53 f 7 9.50 i 0.56 0.625 t -063 

90 71 ill 9.02 t 0.56 0.646 t -065 

13s 79 ill 8.24 t 0.47 0.649 f .052 

135 106 f16 9.22 i 0.52 0.661 t .053 

200 117 07 8.59 5 0.49 0.630 i .lOl 

200 157 t23 9.75 2 0.56 0.740 t .092 

l 
Data taken at a modified geometry 



-ii- 

?IGURE CAPTIONS 

Fig. 1: Schematic diagram of apparatus. 

Fig. 2: R distribution for E. - 90 GeV data is shown in (a). The 
I 

various curves in (a) are explained in the text. In (bl 

the + signal above background summed over all data points 

is plotted. 

lrlg. 3: Energy dependence of the o” photoproduction cross sec- 

tion. 

ag. 4: Energy dependence of the+ photoproduction cross section. 

Dashed line is a parameterization of the cross section. 

ng. 5: VMD - quark model cross section normalized to the phi 

data of this experiment. The curve is the same as 

in Fig. 4. 
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